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Chapter I 

INTRODUCTION 

10 

Carnations (Dianthus oar:y;ophyllus L.) today rank 

second to roses in cut flower production. The £1rst car• 

nations wore single flowers with five petals, weak stema, 

and blo~~ed only in the spring. Today•e carnations have 

largo double tlowars, strong flower stems, and the plants 

bloom contitluously. Carnation culture has developed from 

a hobby to a large industry in the past 100 years. In the 

Denver area alone, it is a m}J.lti•million dollar business. 

Although thoro is somo outdoor production in 

California and elsewhere, carnations are best produced as 

a glasshouse crop where nights are cool and light inten• 

sity is high. The bulk of.·production is in !'lew England, 

soma Middle Atlantic and Midwestern states, Colorado, and 

northern California. As with other glasshouse plants 

gro\vn in ~~ artificial onviro~nt, carnations have man1 

cultural and disease problems. One or the more tmpor~t 

pathogenic limitations to the production of carnations is 

bacterial wilt caused b~ Psoudomonas caryophylli (Burkh.), 

The most striking symptom ot this disease is a 

sudden wilting of one or more branches. These wilted 

branches have a gray-green color and become dry. In ti1e 
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advanced stage ot wilt the branches turn tan o:r brown. A 

vascular discoloration may be found extending from the r~ 

to the upper apical portion or the plant. 

Roots of infected plants gradually disintegrate 

and become soft, often sloughing orr when the plants are 

lifted trom the soil. Tho outer basal portion ot th6 

plant may be sort with decay evident. Wh.en tho bark ot 

this area 1a torn away, the exposed tissue is stick.y to tne 

touch and is yellow to brov1.n 1n color. 

To date thel"e is no satisfactory means of' elimi• 

na tine the organism, once it haa ontered the plant. Pre• 

sent controls recommended are the uso or clean cuttings 

and soil pasteurization. In the light of recent advances 

in clwmotherapy for tho control ot plant diseases; it may 

be possible to control baotorial wilt b1 such means. In 

order to approach properlr the control of this disease by 

chemotherapy. it is necessary to understand the nature of 

the v1ilt. 

!h!, problem 

\~hat is the nature of the wilt or carnation 

caused by l!2,udomonas ca1:-;z:ophylli.? 

Problern ana. lysis. ·-Be .fora S..."'lswe1•1ng tho major 

question, it is necessary to answor the followinga 

l. Does £.• cnryophylli plug tho vosaels or the 

host plant to produce wilt? 
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2. Does !• caryophylli produce a wilt•inducing 

toxin? 

3. It a toxin is produced, what is it? 

Delimitations.--1. Cultures used in this study 

wore single-cell cultures or P. caryophylli obtained at a 

dilution o~ lllO,OOO.tra.u William Sim and Virginia lieroulea 

varieties of carnation. 

2. All work was limited to the laboratory and 

greonhouse. 

Dof1ni tion E.£ tor~ts. --1. Bacterial sus12ens ion, 

as used hero, is a suspension of bacteria scraped from the 

surface ot potato-dextrose agar 1n sterile distilled water. 

2. A toxin is a substance produced by an organ• 

ism thAt will cause wilting in a plant. 

3. Carrier shall refer to a plant 1nrected with 

!• ~arxopPYlli but not show1tl8. sympt~ns ot wilt. 



Chapter XI 

REVIEW OF LITERATURE 
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As early as 1939 1· in 1~1dwostern United States. 

carnations were roported to wilt suddenly trom eauaea not 

previously described. In 1940 Jones (13) observed carna• 

tion plants afflicted with a sudden wilting tnat caused the 

subsequent death or the plants in a glasshouse 1n Spokane, 

Washington. Isolation cultures of the organism. and inoou• 

lation tests showed the disease to be caused by a bacterium 

that appeared to be ditrerent from any previouslr described 

bacterial plant pathogen. Tl~ disease waa name~ bacterial 

wilt. Diseased pl.ants were eent to w. H. Burkholder at 

Cornell University tor doter.m.inative studies on the causal 

organism. 

Burkholder (3) proposod the name !2;x·tomonas cnrz· 

ophylli n. sp., as such characteristics as curved rods with 

polar tlasolla, the action on milk and asparagine, the use 

of rorma.tes, and the lack o~ l~S production and of starch 

hydrolrs1s, placed the bacterium. in the Pseudomonas group. 

Since then the genus Ph.ytaa11onas has been regrouped o.nd the 

causal organism is now l:nown as Pseudomonas carxophxll1 

(Eurkh) Bergey, ,!! !l• 



Until recently most ot the research on bacterial 

wilt ot carnations has been pursued in light or direct 

commercial application tor control. Previous recommandod 

controls# tor the most part, have been proved unsatistac• 

tory. carnation cuttings were dipped tor 10 minutes 1n a 

solution ot one ounce of potassium permanganate d1ssolve4 

in seven and one-halt gallons of water (7), In the use ot 

liquid d1s1ni·ectanta~ danger 1s encountered when bacteri• 

cidal ingredients become neutralized or depleted, therob7 

allowing tbe liquid to booome a source of infection. Con• 

soquently, cutting dips have not been satistactor7• Steam 

sterilized soil, along with planting of dieease•tree stock, 

is the only present method of control. 

In Q..;"l effort to determine varietal resistance ot 

carnations to bacterial wilt, Till'ord, at Ohio State Uni­

versity in l946t inoculated 45 varieties or carnations 

with the causal bacteria. Ot those toste.d1 only one third 

ot the varieties were in that range which showed a 20 per 

cent incidence of itltection by bacterial wilt, and ot 

those only two, John Briery and Olivette, are currently 

being grown commercially in the Denver area. 

Rocentl7 Lewis !! !!• (14) demonstrated that 

bacterial wilt develops rapidly at temperatures sso F. or 

above. Rooted carnation. plants inoculated at the time ot 

planting showed a 66 par cent incidence or infection, 

whereas those inoculated ono and two weeks attar planting 



showed tour per cent SJ.'ld two per cent infeotion, respec• 

tively. Alao, cuttings rooted 1n vermiculite did not be• 

omne L~teoted if inoculated in the rooting media without 

disturbing the roots. This den1onstrated that carnation 

roots mar be able to roaist ingression by the bacteria 

providing the roots are u.~injured or sufficient time is 

allowed tor peridorm to rorn~ over the wounded area, 

:t5 

To approach tho problem or control ot this dis• 

eo.so by chemotherapy, or other means, it is necessary to 

understand how this organism roacts with the plant when 

causing wilt. In tho case of stewart's disease of corn, 

oauaed by Bacteriu."ll stewart!, there fs a defini to plugging 

of tha water-conducting system Which 1o the prtmarr cAuse 

of the wilting (9). Pseudomonas tabac1 1 the causal agent 

£or "wildfire" disease or tobacco, has been found to pro­

duce a toxin responsible tor tho haloes on the leaves (2). 

However, non-wilt inciting phytopathogenic bacteria (6,10), 

Fusaria (8,17), and other tungal organisms (5) have been 

found to produce wilt·L~ducing toxins. 

In a preliminary report, lioltzmann and Thomas 

(11) tested unrooted carnation cuttings in bacterial sus• 

pensiol'ls and filtrates of bacterial suspensions or £.• 

oaryoJ2hzll1,. All cuttings in these treatments wilted. It 

was suspected that a toxin may be the primary w1lt•1nduc1ng 

agent of the carnations. 
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In order tirot to establish whether or not 

mechanical plugging occurred in the vascular elemDntst it 

was necessary to undertake histological studies ot ~1& 

carnation stem. 

Stems of carnation plants that appeared to be 

tree from 1n1'ect1on, and others showing o,mptor.1s ot \V1lt-

1n0, were sectioned at various levels and placed in a kill• 

1ng solution ot .ror:nal-acetio-alcohol saturated with 

IIgCJ.a• Other sections or these soxne stoma were culturod 

on potato-dextrose agar to determine the presence of l:• 

oo.ryophy;lli. Sections resu.lting in positive isolations 

woro then pasaed through an aloohol~xylol series, ~~bedded 

in paraffin, sectioned and subsequently stained with the 

safranin•fast green stain (16). 

Toxin studies 

It ho.s boen oatnbl1shcd by Gottliob (B) tbnt tho 

mochan1am. or It\laQ.r1um wilt ot tomato iB 1naitod. b7 n toxin, 

lyoomarasmin. In view of this, the poas1b1l1ty o~ the pro-

duction or a toxin by !• p~~i9Phil~~ soomcd to be a factor 

not ·to bo overlooked. 



In preliminary studies (ll) unrooted carnation 

cuttings were tcund to wilt when placed in a filtrate or a 

suspension of !• p.aryophylli. A Seitz "Hercules" filter 

was used to obtain the bacteria-free filtrate. The f11• 

trates were determined to be bacteria-tree by streaking 

agar plates. .~he filtrate waa filtered into sterilized 

test tubes. All cuttings were surface-sterilized by dip• 

ping them into a ltlOOO sodium hypoohlori te solution tor 

two minutes and then rinsing in three successive changes 

or sterile distilled water. Cuttings were then suspended 

L~ the desired treatmenta or filtrates (as turthor descr~ 

below) or sterile water by wrapping cotton around each cut• 

ting about six centimeters from tho base and then placing 

it 1n the test tube so that the bnse or tlw cutting was 

submersed two to ~~eo centimeters. All carnation cuttings 

used 1n thoae tests were o£ the susceptible White Patrician 

variety. In subsequent testa with rooted cuttings. the 

sam~ me~ods were used. 

\'iil t indue ti. on b:t 
artificialll cul• 
turcd bacteria 

Single-cell cultures of t• earxovhxlli were cul• 

turad on potato dextrose agar. The colonies were then 

scraped oft the surface of the agar into JOcc of sterile 

distilled water. Filtrates were obtained by passing this 

bacterial suspension through a bacterial filter. Tho fil• 

tra.te was adjusted to pii e.a. which 1'/S.s the same pll as the 
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sterile distilled water and the bacterial suspension. 

Rooted carnations were treated in unfiltered 

bacterial suspensions, filtrates of bacterial suspensions, 

filtered wa.tor used to flood the surfaoe ot sterile agar 

plates, and sterile distilled water. These tour treat• 

ments were roplicated·lO tin~s and were repeated in rive 

separa.to tests. Duration or the treatments was .from· two 

to seven days. 

~e tubes containing the tests were placed at 

random in a rack and a buffer row of carnations in tubes 

ot water was placed around the entire test in order to 

reduce tra.nap1ra.t1on due to air currents. 

In an eftort to determine whether or not ·the 

wilt-inducing agent was contained in the soluble ~racticn, 

the filtrate was treated with ethanol, 5,33 ml tor each 

.millilltor or filtrate. 1"his was heated to facilitate 

the precipitation ot the insoluble fraction, after which 

it was filtered through a Buchner tunnel. :ib.ia filtrate 

was then evaporated to one fourth the volume of tho ori• 

g1nal filtrate 1n order to remove the ethanol. The re• 

r~indor was restored to original volUL~ by the addition 

of sterile distilled water. Booted cuttings were then 

tested ror wilt-induction in this liquid,· using the pre• 

vious method of testing. 
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Two hundred grams each or diseased and honlthy 

stems were macerated separatolj L~ a Waring blender, using 

200 ml ot sterile water tor oach sample. The juice ~rom 

oach at these was first passed through cotton and then 

centrifueed. Each sample of juice was divided into two 

portions. one o£ which was passed through a bactorial 

filter nnd adjusted to pil B.a. Tha other was .lett until• 

tared and unadjusted. 

Treatments of rooted carnations in filtered and 

unfiltered extract from diseased plants, tiltored and un­

filtered extract trom hoalthy ylants. and sterile dis• 

tilled water were used. These f'ive treatmonts were repl1• 

catod tivo times and repeated in five separate tests. 

Expressed juice front diseased and healthy carna­

tions was treated with tl~ alcohol extraction trea~~ent 

and this purified juice was tested tor toxicit7 in tho 

manner previously described. 

Tho same rack was usod as before with a butter 

border of carnations to reduce transpirati'on bJ the car• 

nations in the treatments. 

'Iranspira tion 
studies 

Rooted and unrooted carnation cuttings of equal 

stem diameter and lear aron wore placed 1n unfiltered 
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bacterial suspensions and sterile distilled water. Read• 

1ngs in loa·a or liquid by weight were taken at 24•hour 

intervals. These readings were uaed as transpiration 

data. This tost was conductod at ~oom temperature 21o•soc. 

and relative hum1dit,- 20 per cent • 3 per cent. A block 

ot 10 tubes £or each treatment was r&pl1oated three times. 

Tlw readings were averaged tor each daJ and plotted aa 

points on '- transpiration curve. 

P.aspirntion 
obsc1 .. va tiona 

Respiration observations were made in each 

experiment. A record o:r a:rn.otints ot gases g1 ven oft trom. 

the roots was made for each ot the wilt•1nduct1on exper1• 

menta. This was accomplished b7 making an arbitrarr eval~ 

ation of gas evolution by the roots. 

Pe.per-parti ti on 
oru--oma tosraphi£ 

A special experiment was designed to determine 

the·differences, if any in the amino acid and sugar con• 

tent in diseased and healthy carnations. In order to ob• 

tain plant extracts that were of the a~~e composition, 

diseased and healthy piants of the variety White Stm were 

selected trom the same greenhouse bench. 'l'Wenty ml ot 

plant extract were expressed fro~ frozen diseased and 

healthy plant material by moans or a hydraulic preaa. 

One hundred six .ml or 95 per cent ethanol were used tor 
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each 20 ml aliquot of plant extraot in order to precipi• 

tate proteins. The proteins were filtered ott, the alco• 

hol evaporated, and the plant aliquot reduced to one fifth 

volume by evaporation over a hot water b-ath ( l5 ) • To 

determine amino acld concentration in the diseased and 

heal thy plant extract, three, r1 ve, six, and 10 Aaliquots 

of these resulting liquids were altornated at three ~ 

intorvals on sheets of ~batman No. l filter paper. These 

spots were placed two em from the bottom of the sheet. 

Atte~ the spots were dry, the filter papers were 

rolled into the shape or a cylinder, the edgos fastened 

to~ethor with cellophane tape, and were placed in jars 

containing 80 per cent phenol. Arter tho solvent fronts 

had risen to the desired height, the papers wore removed, 

air-dried, and sprayed with etha.noloonta1n1ng ninhydrin 

regent (4~ The one-dimensional spots of concentrated 

amino acids were measured by a Welch. dens1cbron using a 

white filter. A statistical &4alys1s or the difference 

in the amino acid concentrations was made. 

For qualitative doter:m1nat1ol'l of amino acids in 

healthy and diseased plant extracts, a lO~aliquot was 

spotted at a distance of two em from the bott~ and two 

em from tho edge of tho paper. After the spot waa dry, 

the po.por v:as rolled nnd .faa tencd a.s do scribed before~ 

1/ Ninhydrin reagont-·15 B ot ninhydrin per 50 ml ot 95 
per cent alcohol plus one drop of glacial acotic acid. 



and placed in a jar conta.inL'"lg eo per cent phenol. Atter 

the solvent front had risen to tha desired height, the 

pape1• wo.e removed and allowod to dry overnight. The paper 

was then turned 90°, shapod into a. oylinde~, and again 

tas tened w1 th cellophane tape • 'Ih.a cylinders wore then 

placed 1n jars oontaining watel"-saturated lutidine so that 

the now solvent tront would be at right angles to tho 

phenol solvent front. A!'tor the solvent fronts bad reached 

tho desired h.eight, the chi~onUltogra.rit& were rern.oved, air• 

dried, and sprayed with ninhydrin reagent (4). 

Quantitative sugar determination followed the 

same methods that were usod in one-dimensional paper• 

partition chroma.togra.lJhy tor atJino acids. In addition to 

the diseased and healthy extracts, spots of glucose and 

.fr·uctose wero zuade. Materials difforod in that 77 per 

cent ethanol was used as the solvent and 3,5-a.initrosali• 

cylio acid£/ was used £or tho spray arte~ drying. After 

the spray had ail"'•driod, the paper chromatograms were 

placed in an oven at 110° c. tor dovelopment or the spots, 

As the spots dev&loped a recoro was made as to tine time 

required for development and color (12). 

gf Aqueous solution containing 0.5 per cent ·ot 3,5•din1• 
trosalicrclic acid and tour per cent ot sodium 
hydroxide. 
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EXPERIMENTAL RESULTS 
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Upon exa1uination of the sections made of healthy 

carnation t1asue (Figs. l and 2) it was found that the 

vascular tissue appeared normal in that the xylem vesse~s 

retained the satranin stai11 and the phloem sieve--.tubes and 

other parenchyma cells stained normally with the fast• 

green stain. there was no apparent obstruction in or 

distortion _to the vascular tissue. 

l·.iicrosoopio 1i"lves t1ga tiona of croas-aectiona of 

diseased carnation steniS (Figs. 3, 4 1 5, 6 1 and 7) showed 

that one (Fig. 3) or several o1" tho water conduction ves• 

sola we~o plugged by bnctorial masses (Fig. 4). ~Urther 

oxplora·ti.OtlS revealed proliferation of parenchjma cella in 

tho immediate area. of infection (Fie;. 5), and the wallill6-

off or a bacterial masa by L'11tiation o£ a periderm tissue. 

In rn.oro advanced stages o:f ini'ection there appeared to be a 

lysis ot xylem tissue { i+iic;, :6) • There was no apparent 

evidence or bacteria in the parenchymatous tissue. 

Longitudinal sections or diseased planta showed 

that 1ntected areas or xyletJ tissue were continuoue tro.m 

tha bas~l portion of tho plant up into the leaves (Fig. 7). 



Fig. l.••Cross section of a portion of a normal carnation 
atom, 
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Fig. 2.--Longitudinal section or a normal carnation stem. 
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~'ig. 3. ••Cross section of a diseased earna tion ateus. showing 
one vesnol plugged. 



I 
I 
~ 

.F'ig. 4. --cross sectior: or a .disos.sed carnation stem. showi..'1"15 
a gro~p of vessels plugged. 
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Fig. 5.--cross section of diseased carnation. stem showing 
(a) bacterial naos walled-off by (b) a proliferatio~ of 

cells and ( o) t:1.e ini tiu tion of neridorm tissue. 
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Pig. 6, ·:-Cr?ss :::cation ir: color of a diseased cnr1mtion 
s ta:!l sn.owJ.n~: a lysis of x:rlcl:l tissue:. and some ,?rolifera­

t5. on :)i-. cells. 
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7.--Lonsitudinnl section of a disoasod carnation stem 
u node sh.owin.=. l"t""3is o.nd ::nfection by bacterial ~'Ulsa 

(a J' i.;l the b~1sc of a J.oa.r. 
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~',nero the in.fec tion was l'Cs tricted to o. small group of the 

vossols, the inl:eotious mass of bacteria was confined to 

that area. throughout the leneth of the stem. 

VJi 1 t ... induc tl on b;x: 
'U'rtrr:tcin~~ ~­
t·;lrod bu.ctel"in 

Al~ rooted carnation cuttincs placed in treat-

monts of bacterial suspensions and filtr~.tes ot."" bacterial 

suspensions wilted in t·wo to threo days. Rooted cutti11.gs 

in s terilc w.o. ter Vlhich had bee~1. usod to flood tha surface 

of sterile potato dextrose O.[Ul~ platos shor1ed signs of 

wiltint; in fo·m, to .five days. All l--ooted cuttings placed 

in s·ter1la dis tilled v;nte:r· wore still turgid at the end of 

a week. 

Alcohol precip:ttat;ior~ of the i'iltl~ate of a ba.o-

terial suspension or .t• ca:t .. ::;ophyll~ r·asultod in the re-

moval of proteins and pocti."1s. Hootod carne. tion cuttings 
l 

placed in tha filtrate of the shluble .fl')action (as de-

scribed in Chapter Ill) did not wilt, v;hereas chee1::s ot 

:rooted cuttings in the th"lpl~acipitatad bacterial filtrate 

did wilt • 

. ~ilt-induct.ion b:y: 
\3Xtl.,uc ts fl"'0::1 
diseased ~ts 

:Pil to rod e~'1d unf'll tc:r.-.ed e~>t.traots (obtained as 

descl~ibed in Chapter III) .t'ro;-:1 diseanod ct=.n··nation plants 

iJlduccd wilt ir-1 rooted ca2~·natior.:. cut.,cLJ.gs within two to 



carn!-:: .. tton pltt11ts showed a nl13ht runo~u'lt of wilt 

fraction. of tho oxtraot oi· d:lscaned and healthy pla:tts 

failed to 1ndu.ca wilt within tho pe:c·iod of: seven do.ys. 

:I:r·~ns !>il"n ti on 
studies 

car:1a.·tion cu·ttin(;s placed 1:1. sterila water shewed the 

(1?:Lg. e.). Tl1.e slop5~~ decllna of th0 curves of the rooted 

to ts.ka up as l1\UOh iU1 t0z .. as sir:1ila.r cuttings i.."l. s. terilo 

wa.tor durine the first two days. 

y-.: c s oir•e .. ti on 
ob~.~er·vu tions 

Obscrva tion~ W;~t:~e of rooted carnationo in 

various treat:'!lDnts were bnzod on the co~n.parntiva nt1ount 

of gas c;i ven off by 'the l~oots. 'l'hese observations showed 

the.t ct.trnations in tx. .. oatl!ients o1· bacterial suspension, 

i'ilt~red bacterial suspenoio;'l, dinoased plant oxtr&.ct. 
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Fis. 6., --Trru1.spirat:ton Cttr1es i'.:r:c- rooted :.L.""ld unl.,.oo~ed cru.--­
nation cuttings LY'l buctol--~Lnl suspension a."'l.d a·cerile watx:r. 



amount of gas. A srn.ull amount of gas was given ott by 

roots o.r cuttings in i'iltered asar wator, .filtered hoalth.y 

plan.t e.xtl'act, and tho soluble fro.ction. of diseased plunt 

e.xtl.,.a.ct. Thora wa::> no gas r;i van off by the roots of cut-

tings in sterile wator1 soluble fraction or bacterial sus­

r·cnsion1 soluble fraction oi' filtol ... ed bncteria.l suspon-

sion. soluble i't•action oi' filtered healthy plant extract, 

and soluble fraction or filtered diseased plant extract; 

Table 1. 

Upon the dave lop:.1ent of free amino acids on or:e-

d.i:ncnsional chroxnsa. togra11s, charo.ctcristio spots v:ere shown 

to h.a ve separated out into five distinct spots at va:r·ious 

levols {Fig. 9). Each of these spots contained one or 

more amino acids. 'fhe principal amino acids measurod in 

those spots ( o.s described bal,ovt) ware: 
) 

Spot l - asparaticlaeid a1~ cysteic acid 

Spot 2 

Spot S - aspara-t;ina, serino, and gluta.raic acid 

Spot 4 - Glutamine and tyrosine 

Spot 5 .. <Jarx:.:a a:aino butyric acid, valine, a.."l.d. 

leucine, or isoleucine. 

Rf v~lues were t~asured for each spot. Sinco variance 

~~alyses tor each ~~ee, fivo, six, and 101\spots wore 

compo.:A."'ablo.., only thut for the analysis of the fi vo ~concen­
tration is shovm ln Table 2. 



r.ra.blo l. -·R·00T ID;~SPIHATIO:T OBSERVA1l1l0NS !;tt\DE IN ~·;:tLT­
I1·rDUCTIOl~1 S'IUDl.i~S .. 

Relative rates 
C:reatme;i.ts of .sas cvolutionl 

l 9 Artificin.l cul turc D.a teria. s""' 
Bacterial suspension 

Bacterial suspension (filtered) 

Agar water (filtered 

Soluble fraction o£ bacterial suspension 

Solucl~ i"l ... action of £1lte:eed 
bacterial suspension 

Natural culture test3 

Healthy pl.a:1.t extract ( fil·tarcd) 

Soluble £raction of healthy 
plant ex.truct 

Soluble l':l"ac t:t :)n o!..' i'i 1 to:r•cd 
healthy plant e:1ttract 

Diseased pla..."'lt extract. 

L·iscased plant extract (filtered} 

Soluble :fl. ... action of diseased 
plant extl"'O.ct 

Solublo .fr.action of filtered 
diseased plant e.x. tract 

Sterile water control 

0 u no ~ns I;i vo;: eft 
1 • sr:.Lall amount of gas gi von ott 
2 • J:.:.odora te ruuount of ecs ,ci von oft 
3 : large ru!lOtu"'lt of gas given off 

3 

3 

l 

0 

0 

2 

1 

2 

0 

3 

3 

l 

0 

0 

2 Treo.trnants obtai:..'"lod f'ro~n .!.• car:roDhylli grown. on potato 
de:t. tros e agar. 

3 :n';lca t:~1ents .obtained fro!·tl. hcult:1y CD.l~natior.s and carnations 
infected with ? •. cn1•yo·ohylli .macera:tcd in a ~·iul"'ing blei.:ld.tX-1. 
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J.!o PERCENT ~!1-~f!~~j 

I'1ir:;. 9. --One -di:mens io·!1al free a;.Jino acid ch.ro.::1a to gram show­
i:.t.g vax•!.c..nco i:-1 do~:::::d. -~:t \;f ::;.;.o';~s 0ot~v;oon cx.·trac i;s fZ'Ol.i. 

diseased a."'1d. ~:.c-.1~ t;:.-.Ly cu:4..,r:.u tion. plru1 ts. 



To.ble 2. --AHALYSI~; FOE FIV.t~ L.\:flB.DA S.POTS o·p l.'ISEAS£D A"!'TD ·~:;~AJJ'rtY CAH:rA'fio-J l'LAUrz· 
iX'l:F:A c·~\S j?OE o;.n.:;-DI:,~t~l!~ IO:U:.L F A:::r;~o .t~CIO CH.l\01iJ~TOGBAL:3. 

-:------ .• .. ...... ~ ....... :":'--:.::~"~:.=:""..::::: . ~::..__..~-...~~·:~':,:.::-.:........ ,.., ...::.......:~ •• ~~.............;:: ~··~======:-:: ...... ::::-.::_::,_::-:_;:-:. __ : .. :::'i.::-=""':::-=.:: .. :.:.:::: ... ::; __ _ 

Spot 
Amino 
D~Cids 

t1erJ..ll densichron L:iffe:r--
units· ence 

~~---·~--------~ Hoa1tl.l'f Diseased. 
~----~--~--~----------------- 4 . • 

1 Aspartic ncid 
Cysteic acid 

As pa:r.t at; ina 
3 Sarine 

Glut:=tmic acid 

4 Glutamine 
'I'yi·o~ ino 

G.A.B.A .. * 
Vali:.1.e 

5 Lsucjne or 
lao leucine 

1.18 

1.?1 

2.92 

1.'78 

1.10 -.oa 

1.50 -.21 

~3. 30 -.6~ 

1.55 -.23 

Stnndard. Sto.nclaJ.•cl Minit~tt."n diffcre;nce 1-..e­
devia.tion orror ou.u')e<l fo1:~ s 1£"nifict.nce • · ;ors~._:-~)1 __ _ 

-·------...._--~.............,.,.---~, .. ....,... ''"''··~ ....... ......,.,.,., 

.03 .o1 .O.tl .06 

.06 .02 .07 .10 

.oz., .26 .08 .12 

.10 .04 .13 .18 

--------------.... ~ ~~·· ......... illl , 

* Ganuna-a-r11.no butryic acid 

c, 
~-J 



~he variance Analysis of the mean dansichron 

roadinss fol .. spot l s!'lowed that tho healthy was l.lS while 

the diseased was 1.10, s. difi'oi .. enco of o .. oa,. v1hioh was 

highly significant. rrhe low density of spot 2 in the dis­

eased treat~ant did not warrant reading. Tho moan densi• 

chron reading ot l. 71 fol"' the heal thy spot 3 aa compared to 

1.50 for ti~e diseased showed A ditferencG of 0.21. which 

\Vas highly s1&'"1ifi cant. Spot 4 for the heal thy showed a 

readil'lG of 2., 92 wb.ile the diseanad showed a reading ot 2.30, 

a ditf'erence of o. 62., vlo.ich wo.e hic;h.ly significant. Tho 

!ri..eon densichron reading for spot 5 wa.o 1. 78 for the heal thy 

treatment ~~d 1.55 for tho diseased, a difference of 0.23, 

which w:.-1.s highly significant~ 'l'able 2. 

Two-dimensional cb.ro:::n.u togra·n.s of the ooncen­

tra.ted juice samples were developed in phenol as before, 

then in lutidino at l"'ight ancles to the first solvent 

front. iJinhydrin solution was tho test reagent. Thirtoen 

amino acids \Yore identified by Dent 1 s method (4.) ot posi­

tion and substi tutio:-1. 'l1he follov;ing ru::1ino acids were 

.foU11.d in healthy plunt extract: aspartic acid, cysteic 

acid, glutarn.ic acid, seri:n.o, v.st."-·aracino, threonine, glu­

t~"1ina, tyrosine., lysine, c;ru:;:;·,w.-a.."';lin.o butyric acid {GABA)., 

valine, leucine or isoleuci~le.- and proline (Fig. lO). 

In the two-din~ensional chroi:::tatograms of the con­

centira ted diseased plant juice {Pig. 11), 1 t was found 

tllut cysteic. acid U...."'ld lysine were absent. The araino .acids, 
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heal th;r plant axt.rac t n:::.o·Hing 13 free a.r.J.ino a.cids. 
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1 PHENOL 

TWO DIMENSIONAL CHROMATOGRAM 
FREE AMINO ACIDS 

CARNATION EXTRACT- DISEASED 
(BACTERIAL WlL Tl 
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Fig. ll. --'lwo-dim.ensional fl-.oe <l.nlino acid chromuto<;l,..a.zil of 
diseased plunt extr-act s:;.o\·:in.~; tb.e absonco of cys·te:tc 

acid and lysieno (Fig. 10). 



aspartic acid, serineJ o.sparagino, c;luta:::1ine~ o.nd. GABA v;ero 

present ·but in a s:;naller concentratio:t. However. proline 

was incl ... oased in tho diseased plant extract a.~d glutamic 

acid, threonine, tyrosi:nc, valine, o.nd leucine or isoleu-

cine were appo.:r#ently no di.fferen t in concontra tion frorn 

th.a t :found in. th& concentrated hoalthy carnntio11 pla."'lt 

In the qu3..l.~ti to. ti ve ono-dim.onsional sugar ch.ro:nla.• 

tot;rt4"7i$ it was round that spots Wt.lro developed in the 

diseased and healthy trcatntonts to correspond with glucose 

a.:1d fructose •. 'fhel"e v.ro.s, in addition, a. spot or one or 

~ore ~~ovr.n sugars~ 

Variance ru1nlysis of tho spot o.!' healthy and 

diseased pla..~t extracts,; 'l:able 3, s~1.owed that the rnee:n 

densicl1ron readi11g for glucose in healthy plant juice was 

1.19 and the reading fol... tho diseased pla.."l t was 1.19, 

showing no difteronce. Hov:over, the densich.ron roo.di!lgs 

for fructose were 1.14 for the diseased plant extract and 

1.13 for the healthy plant extract, a difference of 0.01, 

significant at the five per cont level. Readings for tho 

spot or the unlo.'lo·.-~n su.r:;ar gave a mean dansichron reading 

of l.Os :for tho diseased ::t.."'ld 1.11 for tho healthy, a di1'· 

terence oi" 0.02 which was significant at tlle .five per 

cent level. 



Table ~5. - ... An!•.LYf3I~~ :i'OH i?IVE t.Ai::EDA BPO'~\.S 0.? DJ:S.l...:C\.!.::ED .ATru IL~i~Vr;:y c~;H~7l~·:ri:-;:T PLAHT 
i.J .. XTl11-\.Cf.s.';;) .FOH o:Jc-DI:·:ENSIOl:AL :~UGARS. 

~-....-~·- ~-•-- h-•·-. .-.,......,......__~~-.=:-~-=~:~..-:::.::..~ .. :::~~~-=;·w-::··~,·~-;·: .. ~.::::.~~.- ~~=~··::~.:.,,::.::.::::-:..:;;::........~~ ::-~-=-: 

Mean densicc:..ron D:lfft~l-a- St~1c:.de:.1.l'd Str,ndo.rd Minimum dl:ff'orence :::·e-
Spot unl ts ence deviation error ou:Lr·ed for sl0~nlfice.nce 

~ ................... ~......... .... .... .. ..... -.._. .. .......,.,.__ ... ~~......,..,.._,..............,......,.._ 
·------·------}ie£.tihl D .. i~~nc_g___ • 05 -· < ___ .. _0_1_ 

Sugar 

l Glucose 1.19 1.19 0 0 0 0 0 

2 !i'ructose 1.13 1.14 •.OJ. 0'=) .. ..., .006 .01 .02 

3 Unknov;n 
sugal? 1.11 1.09 -.02 .. 0~1 .008 or_) 

• <.J .03 

_....._~-- -- ~~ . ..............,....._,........ ........,,.,.....,..... ...... ......................... ~ 

~ 
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Carnation cuttings fl~o.:rl infocta;d: ~other-pla.nta 

may b.u. ve a small ~nount oi' tb.o co.~sal buc to rial r;il t or-

Durirlg t.hc course of l"'OOting~ r::1.ich tnkos 

about fottr v.·uaks 1 the te1r~pern tur·c oi.· tl1.e rooting media is 

controlled to about 65 ° P. , c. tenupsrn turc w:1ich is not 

?he length. of ti.mo that is roquired to induce v;ilt in tho 

plant is dopendent on. ·the tempore. ture; the hlg!1er the 

\'~il t p:i:'OCOOdS 

A period o.f cool temperatures allows tho bac:cel.,ia 

to be walled-off (Fiz. 5). 

It• tho 1-.ootod cutt:;ing :t~ ::?lanted into a bench 

rooting bench, the buctaxlia bcco:; .. o lrJ.!'ectious und \;h0 

plc.nt subsequently succur.lL)S to bacterial vJilt·. 

In tho caso oi: disease-free carn.a tion cuttinzs 



pulling of woods, cu1Jc1vation., soil insects, and others 

( 14). After ingression, tl1e bo.cterio. readily invado the 

vo.sculul"' oler.:ents. ~'110 rat~c of invasio:l and infection of 

roots and s ter;.s is corr·elu ted with air u.nd soil tarJ.po:ca-

ture. 

During the coul~se of this investigation it was 

derl:.onstru tod tn.a·~ plug,sing of the xylem vessels of the 

carnur.ion may result l:ror.:;. infectio~ by l:• caryop:rrlli. 

Acco~11panying th.is plugt;ing or blocking of the wa tar con-

duct.i:ng vessels, un apparent lysis occurs. Tho effect of 

the bo.cterio.l infection rn.o.y be s.pparont fro:J. tho roots up 

ir.1.to the upical portions o.f tho !Jlunt and out into tho 

leaves. In tb.e dissolution of tho liGnified cells various 

products may be liberated, such us a forw of glucose, 

poctLYls, and lig.""lir~ ( 1). 

Tests of tb.a effect of buctorial suspensions and 

filtl"n.tos of bactel"'ial suspensions r-esulted in the wilting 

of both l.,.ootcd and \Lu--ootcd carnatio:~:1. cuttings. This wilt-

ing of these cuttings shai"'led that the toxic agent was i'il-

terable. Upon treatment of filtrato of bacterial suspen-

sions with ethanol, it was found that cuttings did not 

wilt. T".ais indica. ted th~ t ei thel .. tho toxic agent respon• 

siblo for wilt o~ theso cuttings was precipitated by the 

ethanol or it was inactivated. ~~perh~onts with extracts 

fro~ diseased and healthy plants also bore this out. 



Wilt of tozuu to cut J~inss ,ill vitro rna~r result .f'roln 

an excess of glucosans or polysaccharides obtained from 

noz1-w:llt p:r.~oducing phytopa t:1o0on.ic bacteria. { 6). It is a 

r.1attcr of conject·Ul"'e, thorafora" \'/~!ether or not o. toxin. of 

a nature any other tha.n thut of a polysr...ccharide could bo 

tho wilt-inducing a.cant in cal')nutio.ns affected. by bacterial 

v:ilt. 

in ba.ctaria.l suspens3~ons (filtered or unfiltered) and dis-

co. sod plant cxtrac ts ( i'il tered or uxlfil tered) there was 

c.:;r·ea ter qut;nti ty of gas libc:rc.ted. 11-'lis indicated tho. t tho 

_ ... , ... :.~.t responsible i'or bacterial wilt infection ll'Uly L'lcrease 

the respiration ~ate of cur~ation roots. 

'I-ra:1.spiration studies indicated a correlation be-

tween the ef.i~ects ol' rooted and u..vrrooted cuttings in 

storila water a,."1.d betwao:a rooted and w1rooted cuttings in 

t-ac tarial suspension.. Since rooted and unroo·ted out tings 

responded in sinilar raaru1er to the bacterial suspensionJ 

it is possible to :r'ule out l;lechanica.l tlock1ng as the pri-

nUJ.ry caus~ of wilt-inductiorl in tho Ull.I'ootad cuttinr;s. 

'iha reduction of tho concentration of the free 

and GABA in the diseased plant extract indicated a change 

i"n norr.:::al metabolism in disoo.sod plants pl~obably due to 

the presence of the ba.ctoria.. .Aspa.ragi~1a can be utilized 

by £• co.ryoph;rlli (3). l111ere may be direct corl'~Clations 



Collul<ISC consi3ta of: r·lu-.... , 

cosc :!,c.sidues ( l). 

diseased vlants. 

c~n tly i;:lcr-easod und an ·u~1.idon titied zugm .. wus sicn.ifi-

cantly decrcused in diseased pln.nt extrnct. I.rue to in-

sufficient a;·::.pcri:.'Y..ontution and data, any intarpro :;:;a:tion::; 

of this would bo a m:::d:;tc:L" o£ conjecture,. 

Since a. toxin us a.n e;~clus:t vo agel"lt of ~Nil tiag 

was 110t substantio.tod., it would appear tho.t tho in.crousod 

r·ct;c of invo.sion and i:nfect;ion due to high tem.poro. tu:ro ;1 

a.ccolnpaniad by lysis, increased l,..ospiratio!l, .t.u1d bloclcing 

off of the wutar supply by pluggi..""lg of: the .xylem vessels 

togot:1cr with. the l:Jresenco of t .. toxin could account for 

t1.1o sudden wilting of' carnation plants infected with bac-

terial wilt. 

coz·ttbinations of these factors 1.-.ather than to any ono 

fuctor. 

l. Invozti:::;o.to tho cause cf prolii'o:;:-a tion of 



of .- .·~ ~.,. Y. ··: ~ · .... 
.........,._. ..-.#.J~ .. 

4. Dotcr~ino whether the toxic age~t is pre-

e .. ctivatod o·:;r tho eth a nol. 

·~'"'I 
·· ~-~ .. 

5. .Study tho cb.omical and physical cr1.a.r·.::.c tor is-

tics of carnations tb.:).t c:1hance va.Piotal resistance. 

6. 7est ozmotic conce:;.tru tl o:c~ of cell sn.p of 

::1es). t:·i.y c~truations and disouced cG.rnution infected with 

bacterial '.'::1.1 t. 

ac:J.ds in heal thy a..."'ld diseased ca.r·.na. ti ~ns • 

s. ~rest total sugars in hoo.lthy ar.d diseased 

carnations. 
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Chapter VI 

In preliminary experiments carnations wilted whan 

placed in a filtrato of n bacterial suspension or !• car~­
ophylli. Since bacterial wilt of car1.mtions is a vascular 

disease, it is possible either that a toxin or mechw1ical 

plugging Ol" a eo.m.bina tion of both may be tho cause of the 

wilt. 

Histological explorations revealed that the 

xylen vessels in part ,_1ox~o pluE:e;ed. Lysis o1" the xylem 

vessels was also observed.. Longitudinal ste:z.n section 

showed tr.a t infection was carriod to the uppor ·portions 

of a branch and into the leaves. It wns evident tha.t 

pluczins and lysis v~m.":'e net confined exclusively to the 

lower portio·ns of the stan. Bactoria were not found in 

parench~lma tissue, al thouc;h in so1ne cases there v;as ap­

parently a proliferation of cells in tho tor:1 of a peri­

dert"'l around a small in.focted c.roa or xylem vessels. 

Proteins in tho bacterial f:i.ltrato vrero ·removed 

by pi•ecipitation with oth.onol. Tho excess alcohol was 

removed by evaporation and tho l"'esidne tasted for w:l.lt­

induclng properties on healthy rooted carnation cuttings. 

t_r·he results v;ere nee;at:t vo. 'Ihis su(t~osts that tha wilt-
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inducing factor is either dostroyod by the alcohol or may 

be present in the insoluble fraction. 

l'apor•parti t:i..on ·Chl"Ot~~'1. tog.raphy of: treo ax;:.ino 

acids sh.Oi;1Sd significa:1t reductiona in the concentra-tion 

of sor.1o o.f the free ar~i.ino c.cids in the disoasod c..o co;..: .. -

pru~ed with tho healthy co.rnn.tion plants. '11-:Lis L"'ldicates 

a change in nol"m.al metabolinr~1 1."1. the diseased plants 

probably due to the preso.nce of the bactor::o.. 

Quantitative sugar analysis resulted in e~ in­

craaso in r~~ctoso and a decrease in·ru~ ~~identified sugar 

in the dis G \l.sed plants, t~·~:1oro no glue ose rerr..ained the same. 

It is postulated th.c.t the \"lilt-induction is due 

to tho co~bination of several £actors such as, a) increased 

te:;.:tperatm ... e, b) acco:.npanied by lyais, c) 1ncrea.sod respira• 

tior11 and d) the 141.ec l..ta::1ic o.l blocking of wa. tar conduction 

vessels. 





li.aw da ·ta for this study are 

on file in. the iJepo.:rtn~nt 

Colorado A~ricultural and 

~tla cha11i cal Colle3e, :B~ort 

Collins, Colorado. 
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